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Energy expenditure in patients with chronic renal failure. Although
nondialyzed, chronically uremic patients and patients undergoing main-
tenance hemodialysis often show evidence for wasting and calorie
malnutrition and have low dietary energy intakes, their energy expen-
diture has never been systematically evaluated. It is possible that low
energy intakes are an adaptive response to reduced energy needs;
alternatively, energy expenditure could be normal or high and the low
energy intakes would be inappropriate. Energy expenditure was there-
fore measured by indirect calorimetry in 12 normal individuals, 10
nondialyzed patients with chronic renal failure, and 16 patients under-
going maintenance hemodialysis. Energy expenditure was measured in
the resting state, during quiet sitting, during controlled exercise on an
exercise bicycle, and for four hours after ingestion of a test meal.
Resting energy expenditure (kcallminll .73m2) in the normal subjects,
chronically uremic patients and hemodialysis patients was, respec-
tively, 0.94 0.24 (sD), 0.91 0.20, and 0.97 0.10. There was also no
difference among the three groups in energy expenditure during sitting,
exercise, or the postprandial state. Within each group, energy expen-
diture during resting and sitting was directly correlated. During bicy-
cling, energy expenditure was directly correlated with work performed,
and the regression equation for this relationship was similar in each of
the three groups. These findings suggest that for a given physical
activity, energy expenditure in nondialyzed, chronically uremic pa-
tients and maintenance hemodialysis patients is not different from
normal. The low energy intakes of many of these patients may be
inadequate for their needs.
Many studies indicate that there is a high incidence of wasting
and protein calorie malnutrition in patients with chronic renal
failure, particularly in those undergoing maintenance hemodi-
alysis [1—10]. Calorie malnutrition appears to be a prominent
component of the wasting, as evidenced by the frequent find-
ings of decreased values for body weight, skinfold thickness,
and midarm muscle circumference. The wasting and malnutri-
tion are usually mild or moderate, although in a small percent-
age of patients it is severe. The calorie malnutrition could be
due to low energy intake, increased energy expenditure, or a
combination of these factors. In several studies the dietary
energy intake of nondialyzed chronically uremic patients and
maintenance dialysis patients has been reported to be decreased
[1,3, 111.
The present study was designed to examine whether energy
expenditure is low, increased, or normal in patients with
advanced renal failure. Energy expenditure was evaluated in
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normal individuals, nondialyzed patients with chronic renal
failure, and patients undergoing maintenance hemodialysis.
Subjects were studied under several standardized conditions
including resting, quiet sitting, graded physical exercise, and
the postprandial state. The results indicate that in these chron-
ically uremic patients, energy expenditure is not different from
normal. Hence, the low energy intake of these patients is not an
adaptive response and may predispose them to wasting and
malnutrition.
Methods
Studies were conducted in 12 normal individuals, 10 patients
with chronic renal failure, and 16 patients undergoing mainte-
nance hemodialysis. Some clinical and nutritional characteris-
tics of these subjects are shown in Tables 1 and 2. The causes
of renal failure in the chronically uremic and hemodialysis
patients were, respectively, nephrosclerosis four and nine pa-
tients, chronic glomerulonephritis two and three patients, inter-
stitial nephritis two and one patient, and unknown etiology two
and three patients. Patients with a history of diabetes mellitus
were excluded from the study.
Nine normal subjects were white, three were Asian. Four
chronically uremic patients were black, five were white, and
one was Asian. Seven dialysis patients were black and nine
were white. At the time of study, the dialysis patients had
undergone maintenance hemodialysis for 25.2 25.9 SD months
(range, 4 to 109). Six chronically uremic patients and three
patients undergoing maintenance hemodialysis were evaluated
while they were undergoing long—term metabolic studies in a
Clinical Research Center (CRC) [15]. These patients ingested a
constant protein diet (0.55 to 0.60 g/kg/day for the chronically
uremic patients and 1.10 g/kglday for the hemodialysis pa-
tients), and their energy intake was varied to provide 15, 25, 35
or 45 kcal/kg/day. Each level of energy intake was fed for 23.2
3.3 days. The data reported here were collected at the end of
study with the 35 kcal/kg/day diet. The other patients with renal
disease and the normal subjects were studied during a one or
two day admission to the CRC. All subjects were judged to be
clinically stable on the basis of medical history, physical
examination, and laboratory tests at the time of study with no
evidence for hypothyroidism, hyperthyroidism (Table I) or
other superimposed catabolic diseases. No subject was in
physical training at the time of study.
The day before the study, the outpatients and normal indi-
viduals were admitted to the CRC at 4:00 or 5:00 p.m. Between
6:00 and 6:20 p.m. each subject ingested a diet that provided 800
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Table 1. Characteristics of subjects undergoing energy expenditure studies
Number male/female
Age years
Serum urea nitrogen mg/dl
Serum ereatinine mg/dl
Serum total protein g/dl
Serum albumin g/dl
Hematoerit vol %
Serum thyroxin j.rg/dl
Serum triiodothyronine ng/dl
Serum reverse T3 ng/dl
Normal control
6/6
40.1 12.3°
12.6 2.2
0.9 0.1
7.1 0.8
4.4 0.3
42.5 4.0
73 1.3
134.8 25.7
21.8 6.3 (11)
Chronic renal
failure
7/3
47.3 16.6
76 37.3 (9)5
8.0 2.4 (9)
7.1 0.7 (9)
4.1 0.2 (9)
31.3 4.9
7.5 2.3 (7)
110.0 34.9 (7)
26.0 20.8 (5)
Maintenance
hemodialysis
10/6
41.3 15.6
45.7 + 17.5
11.1 2.9
7.2 0.6
4.5 0.4
25.2 4.5
6.4 2.1 (15)
130.2 23.0 (15)
16.9 8.3 (12)
Table 2. Anthropometric characteristics nf subjects undergoing energy expenditure studies
kcal, 20 g of protein including about 11.7 g of high biological
value protein, 100 g of carbohydrate, and 35.5 g of fat with a
polyunsaturated: saturated (P: 5) ratio of 1.5:1.0. The subjects
were then fasted from the end of dinner until the test meal was
fed or until the energy expenditure studies were terminated the
following day. The exception was that individuals were allowed
to drink up to 400 ml of deionized water before midnight.
Patients undergoing the long—term metabolic studies in the CRC
received a slightly different diet at night, according to their
balance protocol, and they were fasted after they finished their
snack at 8:20 p.m. All patients were instructed not to leave their
bed after midnight and to lie quietly until the resting energy
expenditure measurements were completed. A urinal or bed
pan was used in bed if the patient voided that night.
Energy expenditure was measured by indirect calorimetry
using a Beckman Metabolic Measurement Cart (Beckman In-
struments, Fullerton, California, USA) and a mouthpiece or
face mask. When the mouthpiece was used, a clamp was placed
on the nose to prevent nasal breathing. No differences were
noted in the energy expenditure measurements using the
mouthpiece as compared to the face mask in the same subject.
Before and during the measurements, the light in the room was
kept low, and care was taken to keep the room quiet. The
ambient room temperature during these studies was maintained
at 23.5°C.
Resting energy expenditure measurements were started at
7:00 a.m, During this study, the subject lay quietly in bed in the
supine position and breathed into the mouthpiece or face mask
for 40 minutes. After this study was completed, the subject was
allowed to walk around the ward quietly for 15 minutes. The
subject then sat quietly in a comfortable chair that had arm rests
and a high straight back; the seat and the back of the chair were
cushioned. Energy expenditure was measured for 20 minutes
during quiet sitting. Energy expenditure was then assessed
during graded exercise using a Monareh' stationary bicycle
(Stockholm, Sweden). Initially, the individual pedaled against
virtually no resistance. The work of pedaling was then in-
creased progressively in 12.5 or 25 watt increments. The rate of
pedaling was one 360 degree revolution per second; a metro-
nome was used to maintain the desired rate of pedaling.
Subjects pedaled at each level of resistance for six minutes and
rested for five to 10 minutes between each period of pedaling.
a Mean and standard deviation
Parentheses indicate the number of subjects when it is less than the total in the group
Normal control
Male
Chronic renal failure Maintenance hemodialysis
Female Male Female Male Female
N 6 6 7 3 10 6
Weight kg 79.1 15.1° 63.0 7.1 65.0 11.7 69.8 10.6 68.0 8.4 58.7 4.4
Height cm 176.4 5.1 165.6 + 8.1 169.4 7.0 169,0 2.0 174.0 9.3 160.3 8.5
Body surface area m2 1.95 0.15 1.68 0.12 1.73 0.16 1.80 0.10 1.81 0.15 1.60 0.10
Relative body weight5 % 100.2 16.9 96.0 10.5 86.9 l2.5 97.9 13.6 86.6 6.l 90.1 9.2
Desirable body weight°% 113.6 ÷ 21.7 103.3 8.7 98.7 14.8 111.3 19.0 99.2 9.2 100.1 12.1
Mid-arm circumferences cm 31.9 3.9 29.1 3.7 28.7 ÷ 3.6 33.7 7.0 30.1 3.0 30.2 3.6
Arm muscle area cm2 41.9 16.0 31.7 5.5 41.3 8.9 (6Y 46.5 17.1 44.2 10.1 37.4 + 12.0
Triceps skinfold thickness mm 19.2 3.7 23.0 8.3 10.8 7.3 (6) 25.9 9.3 12.3 4.8 22.0 9.8
Subseapular skinfold thickness mm 19.4 9.6 (5) 18.7 ÷ 7.9 11.0 3.4 (6) 19.6 5.3 10.9 2.9k 15.2 6.0 (5)
Mid-thoraeic skinfold thickness mm 22.6 11.3 (5) 21.3 6.3 12.8 ÷ 7.1 (6) 18.5 2.6 12.5 4.4 16.6 55 (4)
Estimated body fat° % 27.6 3.3 32.8 8.6 21.2 8.4 (6) 35.4 6.0 20.5 6.5
a Mean 5D
31.0 ÷ 9.9
Subject's values were compared to the normal values from the NHANES survey as reported by Frisancho [12]
Calculated from the 1983 Metropolitan Life Insurance Tables [13]
d Values in parentheses indicate the number of observations when it is less than the total number of subjects in the group
Estimated from the triceps and subseapular skinfold thickness data according to Durnin and Wormersley [14]
Significantly different from normal controls of the same sex, P C 0.05
Significantly different from published normal controls of the same age, height and sex, P C oo5, h P < 0.001
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Table 3. Resting and sitting energy expenditure (kcal/minll .73m2)
Normal Control
Chronic renal
failure
Maintenance
hemodialysis
Resting
Men 0.96 0.21 (6)a.b 0.91 0.15 (7) 1.02 0.12 (10)
Women 0.92 0.28 (6) 0.91 0.28 (3) 0.89 0.23 (6)
Combined 0.94 0.24 (12) 0.91 0.20 (10) 0.97 0.10 (16)
Sitting
Men 1.03 0.27 (6) 0.94 0.21 (7) 1.11 0.12 (10)C
Women 1.04 0.22 (6) 0.95 0.24 (3) 0.97 0.16 (6)
Combined 1.03 0.24 (12' 0.95 0.20 (10) 1.05 0.15 (16)d
a Mean and SD
b Parentheses indicate number of subjects in each group
Significantly different from resting energy expenditure in the same
subjects: c P < 0.05, d p < 0.02
After the bicycle exercise, the individual rested for 10 min-
utes and then sat in the above mentioned chair. The subject was
given a test meal that provided 800 kcal, 20 g protein including
about 13.3 g of high biological value protein, 100 g carbohy-
drate, 35.5 g fat, with a P:S fatty acid ratio of 1.5:1.0., 500 mg
of sodium, 860 mg of potassium, 230 mg of calcium, 340 mg of
phosphorus, and 70 mg of magnesium. The meal was ingested
about 10:00 a.m. at a constant rate over a 20 minute period. The
patient sat quietly in the same chair for four hours, although
after the first hour the individual was allowed to stretch or walk
around the ward for five minutes between measurements.
Energy expenditure was measured for 10 minutes every 15
minutes during the first hour and then for 15 minutes every 30
minutes for the next three hours.
Throughout the study, the examiner observed the subject
continuously to ensure that air did not pass out of the nose or
out of the mouth around the mouthpiece and that the individual
was laying or sitting quietly and not tense; during the bicycle
exercise studies, the individual was monitored constantly to
ensure that the pedaling rate was maintained exactly and that
there were no extraneous movements. Data collected during the
first several minutes of study before equilibration occurred,
during or immediately following any extraneous movement by
the individual, or which deviated substantially from the mean
values were excluded from analysis.
The calculation of energy expenditure is based on the obser-
vation that the oxidation of a given quantity of carbohydrate, fat
or protein each generates an amount of energy and carbon
dioxide and consumes a quantity of oxygen that is characteristic
and predictable [161. The ratio of the oxygen consumed to the
carbon dioxide produced indicates the relative oxidation of fat
versus carbohydrate and protein; the urea nitrogen appearance
[151 enables one to estimate the quantity of protein that is
oxidized. From these relationships, it is possible to estimate
energy expenditure according to the following equation:
Energy expenditure (kcallmin) = 3.82 x V02 + 1.23 X VCO2
- 2.05 x UNA
Where V02 is the rate of oxygen uptake (ml/min), VCO2 is the
rate of carbon dioxide expiration (ml/min), and UNA is the urea
nitrogen appearance (mg/mm), arbitrarily set at 3.0 glday or
2.08 mg/mm.
The foregoing equation, derived from the equations of
Consolazio et al [161, differs to a small degree from the energy
equations of Consolazio et al and of Weir [17] in that the caloric
equivalents are slightly different: 4.18 kcallg, 9.46 kcallg, and
4.32 kcal/g, respectively, for carbohydrate, fat, and protein. We
calculated 72 separate measurements of energy expenditure
using both the above equation and the Weir equation [17]; the
calculated energy expenditure using these two equations dif-
fered by only 0.66 0.21 (sD)%.
Anthropometry was performed as previously described [31.
Serum total protein and albumin were analyzed by the biuret
and bromcresol green methods, respectively [18, 191. Urea and
creatinine were measured with an Astra Analyzer System (La
Brea, California, USA). Thyroxin, triiodothyronine, and re-
verse T3 were measured by radioimmunoassay.
Statistical analyses were performed with analysis of variance,
when more than two groups were compared, and the paired
t-test and linear regression analysis. Variance is expressed as
standard deviation except for the data shown in Figure 3 where
it is given as the standard error of the mean. This study was
approved by the Human Subjects Protection Committee, and
informed consent was obtained from each subject.
Results
The mean serum total protein and albumin concentrations in
the nondialyzed and maintenance dialysis patients did not differ
from normal (Table 1). However, in the men with chronic renal
failure or who were undergoing maintenance hemodialysis, the
relative body weight was significantly below the normal values
obtained from the NHANES survey [121 (Table 2). In the
hemodialysis patients, the triceps and subscapular skinfold
thicknesses were also lower than in the six normal male
controls. In contrast to these findings, the mean anthropometric
values for the women with chronic renal failure who were not
dialyzed or undergoing maintenance hemodialysis were not
significantly reduced.
Energy expenditure during resting and sitting are shown in
Table 3 and in Figure 1. There were no differences in the resting
or sitting energy expenditure, expressed in kcallmin/l .73m2,
among the three groups in either the men or the women. Within
each group there were also no differences between the men and
women in resting or sitting energy expenditure, when normal-
ized for body surface area. Energy expenditure increased by
4.4% to 9.6% in each group during quiet sitting as compared to
resting (Table 3). In each of the three groups, the energy
expenditure measurements during resting and sitting were di-
rectly correlated, and the slopes and intercepts of the regression
equations for this relationship were similar among the three
groups (Figure 1). These observations tend to confirm that our
measurements of energy expenditure were consistent in indi-
vidual subjects.
The energy expenditure during controlled bicycle exercise is
shown in Figure 2 and Table 4. In each individual, the resist-
ance against pedaling and, hence, the workload was increased
progressively until the person developed fatigue, discomfort, or
was unable to maintain the required rate of pedaling. Thus,
fewer individuals pedaled at the higher levels of resistance, and
the fall—off was particularly great for the patients with renal
failure. Energy expenditure correlated directly with the work of
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Fig. 1. The direct correlation between resting
and sitting energy expenditore in normal sob-
jects, nondialyzed patients wit/i chronic renal
fadore, and patients ondergaing maintenance
hemodialysis. Symbols are: (•) men; (0)
women.
7.0
6.0
5.0
4.0
3.0
2.0
1.0
0
Increment in work Iwattsl: 0 12.5 25 50 75
Fig. 2. The direct correlation between the work of bicycle exercise and
energy expenditore in normal sobjects, nondia(yzed patients with
chronic renal failore, and maintenance hemodialysis patients. The
number of subjects decreased with increasing exercise as follows:
normal subjects 12.5 watts 11, 25 watts 12, 50 watts 12, 75 watts 9;
nondialyzed patients 12.5 watts 6, 25 watts 4, 50 watts 3; hemodialysis
patients 12.5 watts 10, 24 watts 12, 50 watts 8, 75 watts 2. Symbols are:
(0) normal, N = 12; (•) CRF, N 7; (A) hemodialysis, N = 12; (T) sD.
Table 4. Increment in energy expenditure for increments in workload
during bicycling
Bed
rest
Chronic renal Maintenance
failure hemodialysis
Increment in energy expenditure
kcallnain/1 .73na2
0.59 0.20 (6)
0.54 0.24 (4)
1.46 0.02 (2)
0.77 0.58 (10)
0.66 + 0.29 (9)
1.28
0 60 120 160 240
Time, mm
Fig. 3. Energy expenditore after a test diet. Subjects sat in a comfort-
able chair during the measurements. Note that the variance is expressed
as the 5EM. Symbols are: (0) normal, N 12; (•) CRF, N 8; (A)
hemodialysis, N = 13; (T) 5EM.
between work and energy expenditure in the three groups were
not different from each other. The correlation coefficients for
these regression equations in the normal subjects, nondialyzed
uremic patients and hemodialysis patients wcre, respectively, r
= 0.998, P < 0.001; r = 0.993, P < 0.001; and r = 0.996, P <
0.001.
The energy expenditure after a standard meal is shown in
Figure 3. Values began to rise within 15 minutes after the
completion of the meat and reached a plateau by 15 to 45
minutes after the end of the meal. Energy expenditure started to
decrease gradually alter 30 to 45 minutes, but it did not return
to baseline levels by the fourth postprandial hour. Among the
three groups of subjects, there was no difference in energy
expenditure with regard to the absolute values at each time of
measurement, the rate of rise or fall after the meal, or the total
increment over baseline sitting values during the four hours
after the meal, The increment in postprandial energy expendi-
ture over sitting values; expressed as kcal/240 min/l.73m2 was
34,7 10.5 in the normal subjects, 42.7 33 in the nondialyzed
chronically uremic patients, and 38.0 30.0 in the maintenance
hemodialysis patients. Moreover, within each group there were
no differences between the men and women with regard to these
parameters.
a Mean so
Parentheses indicate number of subjects sludied
pedaling; for a given increment in work activity, the rate of
energy expenditure rose by approximately the same magnitude
in all three groups (Table 4). Hence, the energy expenditure for
each level of work activity did not differ among the three
groups. Similarly within each group, energy expenditure, ex-
pressed in keal/min/l.73m2, did not differ between the men and
women. The slopes and intercepts for the regression equation
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Discussion
This study, to our knowledge, represents the first attempt to
systematically examine energy expenditure in chronic renal
failure and maintenance hemodialysis patients. It was under-
taken because of the observations of many investigators that
chronically uremic and, particularly, maintenance hemodialysis
patients are often wasted. The anthropometric data suggest that
calorie malnutrition is a major aspect of their wasting [1—101,
and their energy intake is frequently below normal [1, 3, 11].
The study was designed to examine energy expenditure under
four conditions that, on the one hand, could be considered to be
typical of the types of energy-consuming activities that people
undergo each day (resting, sitting, physical activity, food in-
take) and that, on the other hand, could be standardized. The
results indicate that energy expenditure is not different from
normal during resting, quiet sitting, and at several standardized
levels of physical activity. In addition, after a typical meal, such
as might be prescribed for the nondialyzed chronically uremic
patient or the maintenance hemodialysis patient, energy output
rose normally and did not differ among the three groups of
subjects. Thus, the reduction in energy intake does not appear
to be an adaptive response to a lower energy need but, more
likely, constitutes a maladaptive state which may contribute to
the malnourished state of these patients. The male patients in
the present study, in fact, had evidence for calorie malnutrition
(Table 2), even though attempts were made to select study
individuals who were clinically stable and not actively wasting.
Some of the metabolic alterations that occur in renal failure
might be expected to either lower or raise basal energy con-
sumption. Hence, the finding that the patients had a normal
resting energy expenditure could not have been predicted. For
example, in chronic renal failure, the intracellular sodium and
chloride content may be increased and the transmembrane
electrical potential may be reduced [20, 21]. Also, the loss of
functioning renal parenchyma, which normally has a high rate
of metabolic activity [221, might be expected to lower basal
energy expenditure. On the other hand, the patients' anemia
might have increased their basal energy expenditure. It is
possible that the hematocrit was not sufficiently low in our
study to have affected energy consumption, since the patients'
resting heart rates were within normal limits. The effect on
energy consumption of the autonomic neuropathy in renal
failure is unknown [231.
It could be argued that although the rate of energy expendi-
ture for a given physical activity is normal in the nondialyzed
and dialyzed chronically uremic patients, the amount of phys-
ical work carried out each day is less in these patients. Hence,
their energy requirement may be reduced because they are
more sedentary. In addition, most dialysis patients are oliguric
or anuric, and they will have a reduced heat loss from voided
urine. In the typical normal person in the United States, who is
generally considered to engage in sedentary to light physical
activity, probably at least 60 to 70 percent of daily energy
expenditure is attributable to basal (that is, resting) energy
expenditure and the specific dynamic action of foods [24, 251.
Much of the remaining sources of daily energy expenditure in
such individuals are related to such obligatory activities as
dressing, undressing, washing, shaving, sitting, or standing
[24—26]. Although in our experience maintenance hemodialysis
patients as a group are more sedentary, we are not convinced
that this is also true for the nondialyzed patient with chronic
renal failure. Our personal experience suggests that the
nondialyzed chronic renal failure patient and the hemodialysis
patient spend most of their waking day out of bed; thus their
daily energy expenditure would be expected to not be very
different from normal adults who engage in sedentary or light
physical activity.
It is possible that energy expenditure increases in association
with hemodialysis treatment. Such patients must travel to and
from the dialysis unit. Moreover, with dialysis treatment hypo-
tension is a common complication; and during and after dialy-
sis, the body temperature often rises. In addition, the dialysis
procedure may remove such fuel substrates as amino acids,
peptides, glucose metabolites (such as pyruvate, lactate) and, if
glucose-free dialysate is used, glucose [27—29]. Also, net protein
degradation is reported to increase during and immediately after
hemodialysis therapy [30]. All of the foregoing factors might be
expected to increase energy expenditure and the dietary re-
quirement for energy sources.
Thus, the average daily energy needs of the nondialyzed and
hemodialyzed, chronically uremic patient are probably not
much lower than that of normal people engaged in sedentary or
light activity. On the other hand, the average energy intake of
the maintenance hemodialysis patient is reported to be about 20
to 30% below the normal intake or below the Recommended
Dietary Allowances [24], and many maintenance hemodialysis
patients have substantially lower dietary intakes [1, 3, 111.
These considerations suggest that the energy intake of many
maintenance hemodialysis patients is below their needs.
The skeletal muscle of chronically uremic patients or animals
is reported to have disorders of water and electrolyte compo-
sition [20, 211, low alkali soluble protein [21, 31], decreased
carnitine concentrations [32], a vitamin D deficient myopathy
[33], and altered cell energetics [34]. These abnormalities gen-
erally have been described in the leg muscles. Thus, it is of
interest that the energy expenditure during bicycle exercise was
not different in the nondialyzed chronic renal failure and
maintenance hemodialysis patients as compared to normals. On
the other hand, the chronically uremic patients frequently had
lower exercise tolerance and often could not maintain the same
levels of work on the bicycle as the normal individuals.
The basal metabolic rate, normalized for body surface area, is
reported to be lower in normal women than men [35—37]. In the
present study, the mean resting energy expenditure was lower
in the normal women and female maintenance hemodialysis
patients than in their male counterparts, although differences
were not significant (Table 3, Fig. 1). The lack of statistical
differences between the sexes in this study may be due to the
rather small numbers of subjects evaluated.
It has been suggested that the use of a mouthpiece may lead
to a slight increase in the measured energy expenditure. Several
considerations suggest that any increase in energy expenditure
due to the use of a mouthpiece is probably very small and will
not alter the conclusions from this study. First, our values for
resting energy expenditure in the normal subjects are very
similar to the basal metabolic rates reported in the literature [35,
371. Second, we observed no differences between the energy
expenditure measured with the mouthpiece as compared to the
mask. It may be noteworthy that much of the current knowl-
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edge concerning energy expenditure and requirements during
resting and daily activities in normal or obese individuals was
originally obtained using a mouthpiece or mask and with
collection of the expired gases in a bag. Finally, since our
normal subjects and patients were studied with the same
protocol, any small and consistent error in measurements
should not alter the conclusion that energy expenditure in the
patients was not different from normal.
Since the results of this study suggest that the energy
expenditure of the nondialyzed patients with chronic renal
failure and the maintenance hemodialysis patients are not
different from normal, it could be inferred that the daily energy
requirements of these patients are also normal. Indeed, nitrogen
balance studies of nondialyzed chronically uremie patients
suggest that the energy intake necessary to ensure neutral or
positive balance is about 35 keallkg/day, which is similar to the
recommendations of the Committee on Dietary Allowances,
Food and Nutrition Board for normal adults [15, 241. It has been
suggested that for normal men and women with mild to moder-
ate daily physical activity, their dietary energy requirement for
maintenance is about 1.7 and 1.6 times, respectively, their basal
energy expenditure [24]. If these same factors can be applied to
our nondialyzed and hemodialyzed patients, then it can be
estimated that their daily energy requirements are approxi-
mately normal and that the reduced energy intakes of many of
these patients may lead to malnutrition.
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